Joint modification is one of the promising routes for producing polymers with high strength, primarily epoxypolyurethanes (EPUs) [1][2]. The incorporation of urethane groups into epoxypolymers (EPs) makes it possible to broaden the spectrum of stress-strain and adhesive characteristics of epoxyurethane materials such as adhesives, sealants, and compounds.
Joint modification is one of the promising routes for producing polymers with high strength, primarily epoxypolyurethanes (EPUs) [1] [2] . The incorporation of urethane groups into epoxypolymers (EPs) makes it possible to broaden the spectrum of stress-strain and adhesive characteristics of epoxyurethane materials such as adhesives, sealants, and compounds.
Polyurethanes (PUs), in addition to the obvious advantages, also possess disadvantages due to the use of isocyanates. An alternative to traditional methods is the nonisocyanate synthesis of polyurethanes, one of the classes of hybrid (by Lipatov's definition) polymers. This work is devoted to the analysis of the peculiarities and possibilities of the modification of the properties of epoxyurethane systems (EUSs) synthesized by interacting cyclocarbonate and epoxy oligomers with primary amines.
First descriptions of cyclic carbonates (CCs) date back to the 1930s [4, 5] and extensive studies of their properties and potentialities of application were started in the 1960s with the synthesis of glycol urethanes, oxazolidones, isocyanates, vinylenecarbonates, and oxyalkylated compounds [6] [7] [8] [9] [10] , studies that have been continued in the 1970s-1980s with the investigation of interactions between CCs and aliphatic amines [11] [12] [13] [14] [15] [16] and have continued to be developed until now. It should be emphasized that the interest in the preparation of CCbased polymeric materials has risen permanently, a fact that is confirmed by recent publications [17] [18] [19] [20] .
Possibilities for the modification of EUS properties are explained primarily by the peculiar features of the structure of epoxyurethane polymers and the joint contribution of chemical and physical crosslinked networks to cohesive and adhesive strengths similar to that considered in [21] for epoxyamine polymers.
In evaluating the influence of peculiarities of the structure of nonisocyanate PUs, it is necessary to analyze possible variants of interaction between oligoestercyclocarbonates (OECCs) and aliphatic amines (DETA, TETA, and PEPA). For this purpose, a series of mono-, di-, and polyfunctional CCs and OECCs on the basis of compounds containing aliphatic and alicyclic epoxy groups was synthesized under conditions determined in the modeling of the carbonylation of epoxy compounds [22, 23] . The modification of epoxypolymers with cyclic carbonates may be realized through the following routes: (i) by the addition of CC or OECC to epoxyamine compositions; (ii) by the curing of epoxycyclocarbonates with amines and (iii) the curing of epoxyoligomers (EOs) with oligourethanediamines (synthesized in the form of adducts by the interaction between bifunctional CCs and excess of aliphatic diamines). In the two first cases, polymers are synthesized as a result of the two following main competitive reactions: "CC-amine," to form linear hydroxyurethane fragments that increase the M c (crosslink density) of a network and "epoxide-amine," to form crosslinked polymer (schemes 1 and 2) as follows: Abstract -Peculiarities of the synthesis of crosslinked epoxyurethane polymers prepared by two main reactions such as "cyclic carbonate-amine" with the formation of linear hydroxyurethane fragments and "epoxidediamine" to form crosslinked polymer are considered. It is shown that the acidolysis of cyclic carbonate proceeds by two parallel routes, i.e., uncatalyzed and catalyzed by two amine molecules. The mechanism of hydrogen bonding of hydroxyl and urethane groups via intermolecular and intramolecular bonds to form seven-and five-membered cycles is studied by IR spectroscopy using model compounds (hydroxycarbamates and crosslinked epoxyurethanes). The absence of segregation and statistical distribution of urethane groups is revealed in crosslinked epoxyurethanes. Molecular mobility of fragments is evaluated by the NMR technique and an increase in molecular mass distribution and restriction of molecular mobility over the course of the period preceding the glass transition of the curing system is observed. The process of the transformation of molecular mobility in the glassy state is demonstrated by the values of the second momenta of NMR absorption. It is concluded that an efficient joint (epoxyoligomers + oligostercyclocarbonates) modification of epoxyurethane polymers is one that allows for the control of the stress-strain and adhesive characteristics of polymeric materials within a wide range of parameters. DOI: 10.1134/S1811238207030113
(scheme 1) (scheme 2)
In the third case, linear hydroxyurethane fragments of oligourethanediamine are incorporated into the EP network upon the interaction of end primary amino groups with EO. We consider the expected effect (internal EP plasticization) and its results manifested in changes of adhesive and cohesive properties of polymers using different combinations of EOs and OECCs (Table 1) in their curing with aliphatic amines.
Upon the realization of the variants of modification of EPs by schemes 1 and 2, it is necessary to take into account the kinetic parameters of these reactions. In studying the interaction between CCs and primary amines, it was established that aminolysis proceeds via two parallel routes, i.e., uncatalyzed reaction and reaction catalyzed by two amine molecules [24] . In the reaction mixture, amine is capable of forming associates with CC through hydrogen bonding and self-associating to form a six-membered cyclic compound that is testified to by a low activation energy of catalytic reaction.
The contribution of catalytic flow to the general process of CC aminolysis increases with a decrease in reaction temperature and rise in amine concentration. When the process is accomplished in "bulk" (curing of 
